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Rishindra M. Reddy, MDMidesophageal diverticula are usually pulsion diverticulaand are the result of mucosal and submucosal layers
herniating through the muscle wall. They are related to the
broader category of epiphrenic diverticulum in regard to
etiology, workup, and treatment. There has been a fair
amount of controversy regarding the indications for treat-
ment owing to early published literature suggesting
extremely high complication rates, including 20% leak rates,
associated with open or minimally invasive repairs.1,2 It has
also been unclear as to the true underlying motor disorder
(s) contributing to high intraluminal pressure and to the
development of the diverticulum, leading to different
surgical approaches. Most surgeons will approach treatment
when patients present with symptoms, including dysphagia
and aspiration, or when size of the diverticulum increases
more than 5 cm. Our institutional practice has been to
perform a left thoracotomy, diverticulectomy with a long
esophagomyotomy distally through the gastroesophageal
junction onto the stomach, and then a partial fundoplica-
tion. The goal with this approach is to address not only the
diverticulum but also the potential causes of increased
intraluminal pressure to prevent the development of new
diverticula in the future.3
Preoperative Preparation
Although operative technique has a large effect on patient
outcomes, a signiﬁcant factor not often accounted for is
preoperative patient preparation. After standard evaluation
studies, including endoscopy and barium esophagogram,
asking patients to walk up to 3 miles daily, as well as
smoking cessation for at least 4 weeks prior to surgery, canfront matter r 2014 Elsevier Inc. All rights reserved.
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rgery, University of Michigan, Ann Arbor, MI
sts to Rishindra Mamidi Reddy, MD, University of
of Thoracic Surgery, 1500 E. Medical Center Drive,
nter, Ann Arbor, MI 48109-5344. E-mail: reddyrmbe beneﬁcial. The surgeon can improve postoperative out-
comes by maximizing the physical conditioning of the patient
through aggressive pulmonary rehabilitation before surgery.
Technical Concerns
Many have expressed concern about a high leak rate after
diverticulectomy. To minimize leaks, we use standard tissue
staplers that place multiple rows of staples across the neck of
the diverticulum and then oversew the mobilized muscle
layers over the staple line. Our myotomy is performed on the
contralateral side of the diverticulum. We favor a thoracot-
omy approach, as we can address multiple levels of
diverticula, from a true epiphrenic location to the mid-
esophagus at the level of the aortic arch and perform a long
myotomy and fundoplication. Laparoscopic approaches are
limited by the ability to address higher diverticula and to
perform long myotomies. Thoracoscopic approaches may be
limited in their ability to visualize lower diverticula and then
perform a fundoplication.Operative Techniques (Figs. 1-13)
An epidural may be placed before induction to control
postoperative pain. After induction of satisfactory general
endotracheal anesthesia with a single-lumen endotracheal tube,
a ﬂexible esophagoscope is introduced through the cricophar-
yngeus sphincter. The endoscopic ﬁndings should be noted,
including the location and size of the diverticulum(a) and the
level of the gastroesophageal junction. The tightness of the
gastroesophageal junction and the amount of pressure required
to advance the endoscope into the stomach should be noted.
Any retained contents within the diverticulum should be
suctioned. The esophagoscope should then be removed to
allow for patient positioning. The anesthesiologist then places a
single- or double-lumen endotracheal tube depending on
surgeon's preference and a 16-F nasogastric drainage tube.
Figure 1 (A) The patient is positioned in the right lateral decubitus position with the left side up with an axillary roll placed 2-3 ﬁngerbreadths
below the axilla.
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Figure 1 (Continued) (B) The head is positioned to allow access to the double-lumen endotracheal tube and to the oropharynx for future
esophageal dilator or bougie placement. The skin of the left chest from the left hip to the neck, including the axilla, is prepared and draped.
The left thorax is entered through a standard posterolateral thoracotomy incision, entering the pleural space in the sixth intercostal space. A
1-cm piece of the posterior aspect of the seventh rib is resected to aid exposure. G-E jct ¼ gastroesophageal junction.
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Figure 2 The dome of the diaphragm is retracted downward, and the inferior pulmonary ligament is divided with cautery to the level of the
inferior pulmonary vein. If a single-lumen endotracheal tube is used, the lung can be ventilated and retracted during the operation. If a
double-lumen tube is used, ventilation can be held to the left lung during the operation. Choice of endotracheal tube is surgeon dependent. A
large diverticulum may be evident bulging beneath the mediastinal pleura. The pleura overlying the epiphrenic diverticulum may be ﬁbrotic
and adherent to the diverticulum. v ¼ vein; n ¼ nerve.
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Figure 3 The lower esophagus and vagus nerves are encircled with a 1-in Penrose drain after opening the mediastinal pleura. The esophagus
often feels thickened and muscular. The diverticulum is identiﬁed superior to the gastroesophageal junction along with any potential hiatal
hernia.
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Figure 4 (A) The diverticulum is dissected free down to its neck, where it is mobilized from the adjacent esophageal muscle. (B) The tissue
surrounding the diverticulum may be inﬂamed and ﬁbrotic, and often, the diverticulum itself may be entered during the dissection process.
Care should be taken to minimize the enterotomies and to minimize any spillage of retained contents. This is one reason that cleaning the
diverticulum contents with the endoscope at the beginning of the operation is a key step at the start of the case.
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Figure 5 The right pleural cavity may be accidentally entered in the process of freeing the diverticulum from the surrounding mediastinal soft
tissues. The pleural opening into the right chest can be closed with a running 3-0 chromic stitch, if the pleural hole is small enough or if not
repairable, care should be taken to minimize potential bleeding during the operation into the right chest, and a right chest tube should be
placed after skin closure, but before extubation.
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Figure 6 The phrenoesophageal attachments overlying the cardia are then incised. The peritoneal cavity is entered, and the phrenoesophageal
attachments and peritoneum surrounding the cardia are divided using cautery. The hernia sac is then opened with electrocautery.
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Figure 7 The anterior aspect of the fundus of the stomach is mobilized. Four to ﬁve high short gastric arteries are divided between long right-
angle clamps and ligated with 2-0 silk ties. Care is taken to avoid injury to the spleen that may be fairly close to the proximal stomach, if the
patient does not have a signiﬁcant hernia and has normal-length short gastric arteries.
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Figure 8 The muscular layers of the esophagus are dissected away from the neck of the diverticulum. A 44-F Maloney esophageal dilator is
then inserted orally and guided through the esophagus, across the esophagogastric junction, and into the stomach. The neck of the
diverticulum is divided with either a 4.5- or 3-cm long tissue stapler, depending on the length at the base of the neck, taking care not to
narrow the esophagus. Any enterotomies that may have been made in the diverticulum during its mobilization should be included within the
resected specimen.
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Figure 9 The muscular layer of the esophagus is reapproximated over the staple line with running 4-0 PDS, absorbable monoﬁlament suture.
Hemoclips are placed at either end of the closure for future radiographic follow-up.
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Figure 10 The esophagus is then rotated 1801, and an esophagomyotomy is performed along the esophagus, opposite the side of the
diverticulum. This is extended proximally to the level of the aortic arch and distally to 1.5-2 cm onto the stomach. Silver clips may also be
placed to mark the site of the esophagogastric junction.
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Figure 11 A Belsey fundoplication is then constructed using the mobilized fundus, with the dilator still in place. Two layers of two 2-0 silk
horizontal mattress sutures were used to plicate the fundus of the stomach around the distal 2-3 cm of esophagus for 2401 wrap, each stitch
passing from gastric cardia to esophagus, thereby rolling the gastric cardia onto itself.
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Figure 12 The second layer of stitches is also passed through the muscular edge of the hiatus to secure the fundoplication under the
diaphragm. The dilator is then removed. Care is taken to preserve the vagus nerves during the esophageal mobilization, the myotomy, and the
fundoplication. A nasogastric tube is guided into the distal esophagus. The esophagus is insufﬂated while immersed under saline to evaluate
for a leak along the myotomy length. If there is a leak, it can be repaired primarily with a running 4-0 PDS suture. The nasogastric tube can
then be advanced into the stomach.
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Figure 13 Multiple posterior no. 1 silk crural sutures are placed approximately 1 cm apart to approximate the posterior crura. The posterior
crural sutures are tied, gently approximating but not strangulating the intervening tissue until the diaphragmatic hiatus permits passage of an
index ﬁnger alongside of the distal esophagus. The fundoplication should lie below the diaphragm without tension.
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A left-sided 28-F chest catheter is inserted through a low
interspace incision in the anterior axillary line and connected to
underwater seal drainage. The ribs are reapproximated with
interrupted no. 2 Vicryl sutures. Muscle layers are closed with
running 2-0 Vicryl sutures, subcutaneous tissue closed with 3-0
Vicryl sutures, and the skin edges are reapproximated with a
running 4-0 monocryl subcuticular stitch. Steri-Strips and dry
sterile dressings are applied. The patient is positioned supine,
and if a right-sided chest tube is needed, it can be placed at this
time. A postoperative chest radiograph should be obtained before
extubation to show satisfactory expansion of both the lungs with
no hemothorax or pneumothorax. Additional recruitment
breaths can be given via the endotracheal tube if needed.
Intraoperative Complications
A number of potential intraoperative complications can
occur. Bleeding from esophageal artery branches off the aorta
during the esophageal mobilization can result in moderate
blood loss but should be controlled from the left side of the
chest once it is noticed. A more signiﬁcant potential problem
may be an unrecognized opening in the right pleura, with
signiﬁcant blood loss into the right chest. Liters of blood may
be lost into the right chest before the volume loss is noticed
by anesthesia, or before ventilation difﬁculties. If there is a
pleural opening in the right chest, a Yankauer suction tip may
be placed through the pleural hole to ensure that there is
minimal ﬂuid accumulating in the right chest during the
operation. An esophageal mucosal injury noticed during
dissection or after the leak test can and should be repaired
primarily as described. Oral feeding postoperatively may be
delayed a few days to allow a mucosal injury time to heal.Postoperative Care
Preventative steps to minimize complications or early
recognition of complications is key to ensuring good patient
outcomes. Chest tubes are removed when output volume is
less than 60 mL per shift for 2 consecutive shifts. The
nasogatric tube may be removed on postoperative day 2 or
3, with a barium esophagogram being performed on
postoperative day 4 or 5. Patients can have their diets
advanced from liquids to a soft mechanical diet before
discharge if there are no other concerns. Clinical leaks
presenting 24-48 hours after surgery should be treated
aggressively like any other esophageal perforation with re-
exploration, irrigation, and drainage of the chest. Primary
repair may or may not be feasible, depending on the time
line and the level of inﬂammation that either is due to the
leak or was present before the repair. In any situation with a
leak, a long-term enteral feeding plan should be decided
with either a nasoduodenal tube, or a gastrostomy or
jejunostomy tube placed. The area of the leak may develop a
stricture long term and may need dilations, though this
should only be performed after the leak has healed.References
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